We report the biochemical results in 90 women presenting to an eating disorders clinic: 61 who had bulimia, 22 with anorexia nervosa and seven unclassified. The results were compared with 30 control women. The group of women with an eating disorder had significantly higher concentrations of total CO 2 , calcium, AST, ALT. ALP, albumin and cholesterol and significantly lower concentrations of potassium, chloride and phosphate in the plasma. The elevated calcium could be accounted for in part by an increase in total CO 2 and an increase in albumin. Hypokalaemia was strongly associated with self-induced vomiting and laxative abuse. Biochemical abnormalities occurred in both forms of eating disorders; however. hypercholesterolaemia was more common in anorexia nervosa and abnormal liver enzymes were more common in bulimia.
Anorexia ncrvosa and bulimia arc psychosomatic conditions with associated abnormal behaviour related to weight control. 1 The most notable feature of anorexia nervosa is marked weight loss and maintenance of low body weight. 2 Bulimia is characterised by episodes of binge eating 'and severe weight fluctuation.:': 4 A range of weight-controlling behaviours are used by both anorexia nervosa and bulimia patients, including self-induced vomiting, laxative and diuretic abuse, starvation and dieting. I. 3. 4 The diagnosis is now believed to be more common than previously thought. with an incidence in the Australian young female population of I'Yc, with anorexia nervosa and in the order of 10% with bulimia."
There are considerable data available on the biochemical changes associated with anorexia nervosa." These have usually been reported in ill or hospitalised patients who might be expected to have significant metabolic derangement. The association of hypokalaemic, hypochloraemic metabolic alkalosis on the basis of self-induced vomiting, purgative or diuretic abuse with anorexia nervosa has been implicated Correspondence: Dr Peter Stewart. Department of Clinical Biochemistry, Royal Prince Alfred Hospital, Misscnden Road, Carnpcrdown. NSW 2050. Australia. in the genesis of cardiac arrhythmias in the disorder. 7 In extreme cases, hypokalaemia with or without associated dehydration can result in renal failure, I. 8 Other related biochemical changes such as elevations in liver enzymes, hypophosphataemia and hypercholesterolaemia occur in anorexia nervosa" but the true incidence in a clinic population has not been reported. Bulimia was only recognised as a discrete condition in 1979 and hence there are far fewer data available for this disorder. Mitchell et al. have described a high frequency of hypokalaemic metabolic alkalosis in these patients."
In this study we report the abnormal biochemical findings in a large group of clinic patients with anorexia nervosa and bulimia,
Methods
Informed consent was obtained from 90 consecutive volunteers who presented for treatment of an eating disorder and 30 controls who did not have an eating disorder. All patients were women and they were studied during or within 2 weeks of first presentation. They were interviewed in a standardised way at the time of blood collection.
Blood was collected after the subjects had been seated for at least 20 min. Plasma was analysed for the following analytes: Ten of the eating disorder patients had previously been diagnosed as having electrolyte disturbances. These were taking potassium supplements at the time of the study. In no case was this under medical supervision. Three had been diagnosed previously as having abnormal Table I . The eating disorder groups as a whole and the bulimia group were younger than the control group. This difference was statistically different (P<O·OI) was but not of clinical or biological significance. The anorexia nervosa patients were significantly lighter than the control subjects and the bulimia patients significantly heavier (Table I) . Fifty-one of the 90 eating disorder patients and all of the control subjects stated their weight had not changed in the week prior to the study. In the month prior to the study, 37 of the eating disorder patients reported a weight change of greater than 2 kilos, whereas only two of the control subjects reported this degree of weight fluctuation. Thirty-six patients reported being in a phase of food restriction.
The patients admitted to a wide variety of weight losing behaviours including induced vomiting (n=36), diuretics (n=9), laxatives (n=29). 'diet tablets' (n=9) and exercise greater than III 000 kcal per week (estimated) (n=7).
Fifteen patients and seven control subjects were using hormonal methods of contraception. Nine patients and no control subjects were taking other medications, including nonsteroidal anti-inflammatory drugs, antihistamines and antibiotics. Five patients and one control subject reported drinking more than 20 g of alcohol each day.
The results for the analytes, expressed as mean, standard deviation and range, are shown in Table 2 for the eating disorder group (n=90) and the control group (n=30). The patient group had lower concentrations of potassium (P<0·02), chloride (P<O·OOl) and phosphate (P<O·005). The patient group has significantly higher concentrations of total CO 2 (P<O·OOl), calcium (P<O·OOl), AST (P<0·02), ALT (P<O·OOl), ALP (P<O·05), albumin (P<0·05) and cholesterol (P<0·OO5). There were no differences between the two groups in plasma concentrations of any of the other analytes in Table 2 . There were no significant differences in any of the analytes between the sub-groups of anorexia nervosa and bulimia (data not shown).
In Table 3 the frequency of the abnormal biochemical results arc shown in all patients and the sub-groups divided up into anorexia nervosa, bulimia, vomitcrs, purgers and dieters. While these results have not been subject to statistical analysis, it appears that eating disorder patients often had results beyond the extreme range of control subjects. While this in Control subjects (n=30)
part reflects the greater number of subjects in the eating disorder group, it also reflects the effect of weight-controlling behaviours used by these women. Analytes in particular that show this effect include cholesterol with 19190 above the control range, potassium 13190 below control range and chloride 29190 below the control range. Also shown in Table 3 are the results of those subjects who were in a phase of food restriction. Abnormal biochemical results were no more common in this group than in all the patients as a group. This finding was also supported by the finding of no significant differences between these groups of any of the biochemical results (data not shown). Table 4 shows the regression of plasma calcium against total CO 2 and albumin. The variation in the levels of the latter two analytes accounts for approximately 50% of the total variation in plasma calcium. Including plasma phosphate in the regression equation increased R 2 to 0·482 and thus did not account for the elevated plasma calcium. This suggests that the elevated plasma calcium in this group is a result of this group's higher levels of total CO 2 and albumin.
Discussion
The differences in the biochemical measurements reflect the abnormal eating behaviours of the patient group. There was no difference height or age. There was a difference in mean between the patient and control groups in body age between the two groups hut this would not weight, or proportion of average weight for have been of biological significance. When the anorexia nervosa patients were compared with the bulimia group there were no significant differences in any of the biochemical measurements, although there was, as expected, a significant difference in weight. A significant proportion of eating disorder patients had electrolyte abnormalities with reduced potassium and chloride and increased total CO 2 consistent with a hypokalaemic metabolic alkalosis. There was no difference in plasma sodium concentrations. Decreased plasma potassium and chloride concentrations were found most commonly in those women who induced vomiting or abused laxatives (Table 3 ). Only one subject who denied using these methods had a plasma potassium below the control range. This woman admitted a past history of self-induced vomiting.
The mechanism for the development of hypokalaemia is well understood. Large amounts of potassium are lost through the gastro-intestinal tract in those patients who are vomiting or purging as a weight-controlling behaviour. Renal loss of potassium may be primary, as with diuretic abuse, or as a result of compensatory renal acid conservation mechanisms in vomiting. III Metabolic alkalosis is on the basis of acid loss in either vomiting or renal loss associated with hypokalaemia. II It was surprising that there was no difference in plasma magnesium as this analyte is also lost in large amounts in the gastro-intestinal tract in association with diarrhoea or vomiting and in the urinary tract in association with diuretics or hypokalacmia.l'' This may be explained by the combination of a very narrow range for the control magnesium concentrations and a wide scatter above and below the control range in the eating disorder patients. When the results for the eating disorder patients are compared with the usual laboratory reference range (0·70-1·(Kl rnrnol/L}, only one patient was above, and three were Anorexia nervosa and bulimia 33 below this reference range. Both hypokalaemia and hypomagnesaemia have been implicated in the cause of acutely life-threatening arrythrnias in eating disorder patients. U Despite abnormalities in sodium and water metabolism being well described in anorexia nervosa, 14 we did not sec any evidence of this in our patients. There was no significant difference in plasma uric acid between the eating disorder patients and the control group. However, there were six patients with hyperuricaemia. Possible mechanisms for this abnormality would include starvation ketosis in those in a phase of food restriction. Diuretic therapy is also associated with hyperuricaernia." Both decrease urinary urate clearance. Hyperuricaemia also occurs postmenopausally as ovarian steroids increase renal uric acid clearance.!" In some women with eating disorders and associated amenorrhea, low levels of ovarian steroids could also be a possible explanation for hyperuricaemia.!" Four eating disorder patients had plasma creatinine concentrations below the range of the control subjects, although there was no significant difference in plasma creatinines compared with the control group. Three of these women were anorexia nervosa patients at a low weight and the fourth was a bulimia patient at 85'Yo of average who weighed 42 kg. These low values result from a low muscle mass in the presence of normal hydration and normal renal function. An alternative explanation may be reduced dietary creatine intake. Creatinine clearance studies were not done on these patients. There is recent evidence that this measurement is significantly reduced in anorexia nervosa. IX Nine eating disorder patients had reduced plasma urea concentrations. This finding was more common in anorexia nervosa than bulimia. The most likely explanation for this was reduced dietary protein intake with normal renal function. A common explanation for the reduced dietary protein intake in these patients is particular food prefcrences.v 4 However, plasma albumin was not significantly deranged in these patients. This protein has been used as a measure of nutritional status and the normal values of albumin suggest that protein malnutrition was not a predominant feature of these patients.
Hypercalcaemia and hypophosphataemia occurred in the patients in this study. Hypercalcaemia could be partially accounted for by the increased total CO 2 and altered plasma albumin concentrations but not by the reduced plasma phosphate ( Table 4 ). Other factors may be of importance in explaining these changes. There are marked hormonal derangements associated with anorexia nervosa." Vitamin D and parathyroid hormone levels were not available in these patients but these could conceivably be abnormal. Hypophosphataemia has been seen previously in anorexia nervosa'" and this was on the basis of gastro-intestinal phosphate loss. A similar change occurred in our patients but not to a degree that could be considered harmful. Acute pancreatitis is known to occur in eating disorder patients.:" Whether there is a relationship between hypercalcaemia and pancreatitis in eating disorders is not known.
Tests for liver function were commonly abnormal in the eating disorder patients. These patients had significantly higher ALT, AST and ALP. There was no difference in GGT and bilirubin. These changes may reflect a degree of fat deposition in the liver. Eight patients had ALT and AST levels above the control range and 14 had ALP levels above that of the controls. The source of the enzymes may have been tissues other than liver, as for example ALP of bony origin associated with the calcium and phosphate abnormality, although this would seem less likely, given the other abnormal liver enzymes. Abnormalities of these enzymes have previously been noted in anorexia nervosa patients undergoing refeeding.?' From our results it appears that these abnormalities are also common in bulimia and anorexia patients not being refed.
An elevated plasma cholesterol compared with the control range was found in both bulimia and anorexia. However, it was more common in women with anorexia nervosa. This abnormality occurred with equal frequency in women who induced vomiting, abused laxatives and in those who used neither mechanism for weight control. Hypercholesterolaemia secondary to anorexia nervosa has been well recognised in this disorder. 22 This has been further characterised as an elevation of total cholesterol with an increase in LDL cholesterol and normal HDL and VLDL levelsY From the results presented here it appears that hypercholesterolaemia also occurs in bulimia patients, however, at an apparently lower frequency. The mechanism for hypercholesterolaemia in either disorder is not proven but available evidence suggests that it may be due to impaired clearance of LDL cholesterol.r' The long-term effects of hypercholesterolaemia in this group of patients is unclear. Both anorexia and bulimia are notoriously resistant to treatment and hypercholesterolaemia may therefore lead to increased risk of cardiovascular disease.
From the results reported in this study it is clear that biochemical abnormalities occur commonly in women with eating disorders. Furthermore, they are not confined to women with most extreme weight loss or those requiring hospitalisation. It is also somewhat surprising that the biochemical abnormalities were no more frequent in the women who are in a phase of food restriction. This finding is suggestive that there may be more to biochemical abnormalities than simply nutritional abnormalities, such as the weight-controlling behaviours themselves. This is clearly the case for abnormalities in potassium, chloride and total CO~. However. it is more difficult to explain the changes in plasma cholesterol on this basis. Eating disorders are now believed to be common. with 11'1u of young Australian women having bulimia or anorexia, and thus are likely to be a significant cause of abnormal biochemical results in this population.
